This assistance apparatus for upper limbs was developed for patients who can control their fingers but they cannot lift up their arms themselves, for example myopathy and hemiplegic patients. The purposes of the research in this paper are as follows: 1) to design the simple shaped arm and make the easy control system taking into account the practical use of patients, 2) to confirm the decrease of muscle activity while using the apparatus as an ADL assistance device for myopathy patients, 3) to grasp the tendency of the cerebral activity while using the apparatus as a Neuro-Rehabilitation assistance device for hemiplegic patients. The mechanism of assistance is utilizes the differential gears to lose the weight and volume of the mechanical arm. That enabled us to configure three motors to drive two DOFs (Degrees of freedom) for the shoulder and one DOF for the elbow around the root of the mechanical arm. The arm can lift up to 4 kgf (39.2 N) at the tip of the extended arm, and each maximum angle velocity is 1.57 rad/sec. This arm has two support trays, for wrist and upper arm. Each tray is equipped with a pressure sensor at the contact point to the user's arm, and by using the measured result of these four sensors, the control computer can learn the status of the user's arms. Furthermore, to realize other ADL (activities of daily living) motions (for instance, eating, writing, putting on making up, wiping his/her face, and so on) themselves, we proposed to control the device using the targeted posture map for the mechanical arm. At first, various desired or necessary postures of the assisted arms for the equipped person are determined, and each posture is defined as a control target. Next, each target (which is relatively close) is mutually connected, and the map can be accomplished. However, most of user can use the device without watching the map, because each target in the map is connected with the input signal of the same direction, which the user wants to move his/her hand. To be able to choose the appropriate input for each patient, various input interfaces, for example, joy-stick, push buttons, sensor glove using bending sensors, and so on, are equipped. The muscle activity while using the device was measured, and compared the %MVC data between using the device or not. As a result, the activity decreased up to 60%, and the effectiveness of this device could be confirmed. Finally, to expand the usage of this apparatus to encompass Neuro-Rehabilitation as well, the cerebral activity while using the device for rehabilitation with a near-infrared spectroscopy (NIRS) was measured. Then the data from using the device or not, and input motion from a third person were compared. By using this device, the cerebral activity decreased especially when the target motion was complex. However, when the subject input the motion themselves, the cerebral activity increased more than the data is input by a third person, especially, according to the complexity of the target motion. Therefore, for use in Neuro-Rehabilitation, we found it was important for the subject to input the target motion him/herself.
Introduction
There are many people throughout the world who cannot raise their arms themselves, due to accidents, myopathy, hemiplegic, and so on, even though they can manipulate their own fingers. Medical doctors and physical therapists have aspired to develop devices which can support their patient's ADL.
To address their demands, many institutes and universities have developed various kinds of ADL support devices. Handy 1 (Topping, 1999) and My Spoon (Soyama, et al., 2003) were developed to assist the severely disabled. By using these devices, the patients can have a meal without using their hands. AIST developed PAPUD (AIST, 2009), which is a wheel chair with a robot arm which has seven DOFs. This arm can carry a payload of 0.5 [kgf] (4.9 [N] ), and this device can support the user's ADL movement instead of the user. However, if a patient can use his/her own hand, it is important to use his/her hand by whatever means possible, to regain independence. The Portable Spring Balancer (PSB) (hny International Corporation, 2008) was developed for the patient who wants to be as independent as possible. This mechanism is passive assistance with a spring, therefore it cannot assist to guide his/her arm to the direction which the user wants to move.
To assist the upper limb with some power sources (e.g. motor or pneumatic actuator), many devices have developed. Watanabe (Watanabe, et al., 2011) and Panasonic (Panasonic, 2005) developed the device for elbow assistance. These devices are body fitting shape so they can be equipped. However, the weight of the device is imposed for the user, and these are difficult to assist each ADL motions; e.g. eating, make up or washing face because they assist only elbow joint. To assist the spatial motion of the patient, various devices which had multi-degree of freedoms were developed (Tsagarakis and Caldwell, 2003 , Nef, et al., 2006 , Perry, et al., 2007 , Kiguchi, 2007 , Lucchesi, et al., 2010 , Sasaki, et al., 2013 . By using these devices, the user can move his/her own arm according to his/her wishes. Furthermore, these devices are attached an independent frame, therefore the weight of the device is not imposed for the user. However, most of all devices are too balky, and they have many points to worry about the injury when they bump into the user or third party as many comments of the hearing in patients' associations. The most important point of developing the device for patients is to design taking into account the practical use for patients from the beginning of the design. As the result of the hearing, we developed an ADL assistance apparatus for upper limbs. The purposes of the research in this paper are as follows: 1) to design the simple shaped arm and make the easy control system taking into account the practical use of patients, 2) to confirm the decrease of muscle activity while using the apparatus as an ADL assistance device for myopathy patients, 3) to grasp the tendency of the cerebral activity while using the apparatus as a Neuro-Rehabilitation assistance device for hemiplegic patients. That can be used by attaching the arms to the pressure sensor tray, and versatile enough to do various ADL motions. In this paper, the apparatus was evaluated from the view point of muscle and cerebral activity of users while using for ADL and rehabilitation motion assistance.
Mechanism and control method of the assistance apparatus for upper limbs
The assistance apparatus for upper limbs (Fig. 1) is designed for patients who can control their fingers but they cannot lift their arms themselves, especially myopathy patients. The mechanism of the apparatus utilizes the differential gears to disperse the weight and volume of the mechanical arm, and that enabled us to configure three motors to drive two DOFs (Degrees of freedom) for the shoulder and one DOF for the elbow around the root of the mechanical arm as shown in Fig. 2 . The arm can lift up to 2 [kgf] (19.6 [N] ) at the tip of the one extended arm, and each angle velocity is 1.57 [rad/sec], which was determined from the measured mean data of an able bodied subject's motion. When the subject lifts up something, most of subjects took 2 [sec] and whose knee and shoulder were flexed by about 90 [deg] .
Here, the principle of the differential gears of this apparatus is explained. A conventional model is defined as shown in Fig. 3 
When a conventional model is adopted, the motor which outputs the torque  has to be attached on the mechanical arm, then the mass m s or m e and the arm becomes bulky.
On the contrary, the proposed novel model shown in Fig. 3 
. ,
By using Eqs. (1) to (3), the torque variations during four typical motions as shown in Fig. 5 were calculated. The main user was assumed as an elderly male whose weight was 70 [kg] . From the database (Nakamura, 2007) , the values of the weight ratio of each part of human body and whose point of center of gravity, were utilized. And the average lengths of each body part are written in the database (Kouchi, 2000) . The weights of mechanical upper and lower arms (included each tray) are both 0.5 [kg] . By using these data, the values of each calculation parameter (which includes the user's upper and lower arm, hand and mechanical arm of the apparatus) were set as m s =4. Fig. 6 . From the comparison of the torque between the conventional and proposed models in Fig. 6 , the total necessary torque has the same value, however, in the proposed model, the maximum torque decreased by 6 [Nm] than the result of the conventional model. The maximum necessary torques of are t p = 20. To determine each link length of the apparatus and each movable range of the joints, some databases (Nakamura, 2007 , Kouchi, 2000 were referred especially the data of an elderly male, the apparatus was designed the configuration and specifications as shown in Fig. 7 and Table 1 . To be able to use of supporting only upper arm with this device, the angle of elbow for extension is expanded up to 45 [deg] .
This arm has two support trays, for the wrist and the upper arm. Each tray is equipped with a pressure sensor at the contact point to the user's arm, and by using the measured result of these four sensors, the control computer can learn the status of the user's arms. Furthermore, to realize other ADL (activities of daily living) motions (for instance, eating, writing, making up, wiping his/her face, and so on) themselves, we proposed to control the device using the targeted posture map for the mechanical arm as shown in Fig. 8 . At first, various desired or necessary postures of the assisted arms for the equipped person are determined, and each posture is defined as a control target. Next, each target (which is relatively close) is mutually connected, and the map can be accomplished. To be able to choose the appropriate input way for each patient, various input interfaces, for example, joy-stick, push buttons, sensor glove using bending sensors, and so on, are equipped as shown in Fig. 9 . This apparatus control system is shown in Fig. 10 . This apparatus can be combined to a lower limb assistance device (Tanaka, 2012) as shown in Fig. 11 , and used for assisting whole body motion (Tanaka, 2013) . Even if the apparatus is combined with the walking assistance apparatus (Tanaka, 2012) as shown in Fig. 11 , the control system can be used by only connecting. The control method for upper limbs is shown in Fig. 12 . At first we utilized the position control method, however, some postures which were difficult for some patients existed. Therefore the method of this apparatus is simple degree control method.
The center of Fig. 1 shows the example for assisting to play the violin inputted with the sensor glove, and the right of the Fig. 1 shows the example for the motion of drinking inputted with the joy stick. This target mapping system is for patient safety and gained from patients' opinion. 
Somesthetic experiment using the assistance apparatus
The subjects were a medical doctor, a physical therapist, two hemiplegic patients, and one myopathy patient who can move her finger but cannot lift up her arm. Beforehand, we got permission to carry out the experiment from the patients and their doctors in charge. The experiment was as follows: 1) the subject attached their arms to the pressure sensor tray of the device, 2) he/she operates the device using the joy stick or push switch by his/her finger, 3) the subject evaluates the movement of the apparatus toward the targeted point, and user-friendliness by somesthetic feeling.
As a result all five subjects could operate the apparatus easily. The doctor said, "It may be useful to utilize this apparatus for rehabilitation of upper limbs." The physical therapist said, "The posture of the arm can stay on the desk, so by using this device, many patients become able to do various forms of deskwork." The hemiplegic patients said, "It is important to adjust it precisely for each individual." However, it was hard for the myopathy patient to use the joy stick, therefore she used the push switch. She said, "I was impressed to be able to touch my face by myself." Therefore, we found the device is useful for patients. It also has to be adjusted for an individual's use. For example: input device and placement of pressure sensor tray.
Compensation of flow disturbance using estimated signal
In general, even though a human behaves an atonic motion, %MVC outputs at least from 5 to 10 [%]. The usage of this apparatus is to move the user's upper limbs with dependence completely, and the purpose of this apparatus is to decrease the value of %MVC up to approximately 10 [%]. Therefore, in this paper, the muscles of the user were evaluated with the ratio of the maximum voluntary contraction (%MVC). To confirm the effectiveness of assistance ability, we measured the differences of the muscle activity while drinking motion. The subject was an able bodied man (age: 22). The experiment can be divided into three motions, 1) During the motions of 1 to 2 as shown in Fig. 13, 2 fig. 14 (a) , a little delay during the motions of 2 to 3 is existed, however, the measured values can be caught the target at each turning point. On the other hand, when the angle velocity is slow version, the difference of each parameter between measured and targeted data remains very small as shown in Fig. 14 (b) . Therefore, the follow up ability of this apparatus was confirmed. The electromyography (EMG) was measured with Personal-EMG (Oisaka Electronic Equipment Ltd.), which has eight channels. The measured muscles are 1) Deltoid muscle, Anterior, 2) Deltoid muscle, Middle, 3) Deltoid muscle, Posterior, 4) Pectroralis Major, 5) Biceps Brachii muscle, 6) Triceps Prachii muscle, Lateral Head, 7) Brachioradialis muscle as shown in Fig. 15 . In advance, the maximum voluntary contraction (MVC) of each muscle was measured, and rectified the all waves, and averaged. Next, the EMG during each motion was measured, and rectified and averaged. Then by using these data, %MVC of each muscle during each motion was calculated. The subject carried out the 2 (2014) measurement while drinking motion three times, 1) without the device (normal motion) 2) using the device and whose angle velocity was 1.57 [rad/sec] (assumed same velocity as an able bodied person), 3) using the device and whose angle velocity was 0.52 [rad/sec] (third velocity of 2)).
The results are shown in Fig. 16 . In the motions of 1 to 2 as shown in Fig. 13 , the results have almost same values, because the muscle was hardly used at all. However, in the motions of 2 to 3 as shown in Fig. 13 , all muscle activity decreased, especially in slow motion's result, up to by about 60%. When the device drives slowly and it assists to raise the user's arm, the user feels secure, and increases the dependence on the device. In the motions of 3 to1, the muscle activity is almost same. This motion is to put down his/her hand, therefore, the device's motion might be a little faster than the subject by the influence of the gravitation of the device's arm. From this result, it has to deaccelerate the angle velocity of the device while putting down the arm against the gravitation.
①Deltoid muscle, Anterior 
Measurement of Cerebral Activity with NIRS while ADL Rehabilitation
Finally, we suggest the usage of this apparatus to utilize as an assistance device for upper limb's Neuro-Rehabilitation. To confirm the ability of the effectiveness for rehabilitation, it is important to recognize the distribution of the cerebral activity of the users. Especially, if the user's brain activates the areas not only Prefrontal cortex (here after PFC), the effectiveness for rehabilitation is practically naught. Therefore, it is necessary to measure the influence for other areas; Pre motor area (PMA), Supplementary motor area (SMA), Primary motor cortex (PMC), and Primary somatosensory cortex (PSC). To verify the effectiveness of our developed device for Neuro-Rehabilitation, we measured the differences of the cerebral activity while ADL rehabilitation using the device or without the device, and the influence the difference of the device's operator with a near-infrared spectroscopy (NIRS) and compared. We Each item of six tasks is shown in Table 2 . In Task 1, the subjects behaved the typical rehabilitation motions (flexion and extension of the elbow) without attaching the apparatus, and they moved by themselves in exact timing according to the instructor's motion. Task 2 is rotation of the elbow by themselves. Task 3 is flexion and extension of the elbow with assistance apparatus operated by a third party. Task 4 is rotation of the elbow with assistance apparatus operated by a third party. Task 5 is flexion and extension of the elbow with assistance apparatus self operated. Task 6 is rotation of the elbow with assistance apparatus self operated.
Each task was carried out five times respectively and averaged. Each measured data was processed as the baseline, which was connected mean data while 10-20 [sec] and 90-100 [sec] . Furthermore, to compare each area and subject, Effect size was calculated by using Eq. (4).
where Rmean [mMmm] is the mean data of each task, Nmean [mMmm] is the mean data of Task 1, NSD [mMmm] is the standard deviation of the Rest of Task 1. Subjects are six able bodied men (age: from 21 to 24). The upper apparatus are fixed to a wheel chair as shown in Fig. 18 . The method of measurement was same as the experiment of walking. The rehabilitation target was right arm, and left hand used only operating the suit in Tasks 5 and 6 with a sensor glove by bending fingers. The rehabilitation motions of the arm were determined as shown in Fig. 19 . (a) As the basis for the result of Task 1, mean results of each Task are shown in Fig. 20 . The result of Task 2 was activated in all areas, because rotation motion is more complex than only flexion and extension motions. And in the areas PMA and PMC left area's activity was higher than each right area. Because subjects actuated their right arms, however, each right area was activated even though their left arms were not used. The results of Tasks 3 and 4 were inactivated, because subjects depended on the apparatus for his motion. Especially, the result of Task 4 was lower than the result of Task 3. The ratio of the dependence on the apparatus increases according to the complexity of the motion. However, the result of Task 5 was the lowest in all results. The motion of Task 5 is easier than Task 6, and they are able bodied persons, they can easily move their arms as well as self operated apparatus whose moving interval and timing can be determined themselves. Therefore they can behave more comfortably than Task 3. On the contrary, the result of Task 6 was higher than Tasks 4 and 5. Even though the subjects were assisted with the apparatus, by operating themselves for relatively complex motion, there is a possibility that the subjects try to enhance their cognitive faculty actively and they can have the motivation. As a future work, we will carried out this experiment by patients and verify the consideration. 
Conclusions
The assistance apparatus for upper limbs to use the patients who cannot lift up their own arm was developed. The shape of the arm is so simple because of taking into account the usability, and it can choose various input devices according to the condition of the users. To confirm the effectiveness of the apparatus for the motion of eating, the muscle activity while using was measured. By using this apparatus, the result of %MVC decreased up to by 60% of the result without using the apparatus. Therefore, the apparatus fulfills the ability for the usage as the tool of the ADL assistance. Furthermore, the cerebral activity was measured while using the apparatus as an upper limb's rehabilitation tool. From the comparison result of the measured data, it is important for Neuro-Rehabilitation to input the user's target motion him/herself.
